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This invention relates to valves for automatically con-
trolling the level to which a tank may be filled with
liquid. The inventicn is more particularly directed to
a valve for this purpose which utilizes a main fluid
pressure operated valve which may be actuated by the
pressure of fluid on either of two separate diaphragms
and with 2 separate float operated pilot valve for con-
trolling the pressure of the fluid acting on each of the
diaphragms. :

The present invention is particularly adapted for in-
stallations in aircraft fuel tanks or other places. where
it is desirable to introduce a liquid into the tank at a
relatively high rate of flow and where it is highly essen-
tial that the level control valve function properly at the
instant that a predetermined level of liquid in the
tank is reached whereby overfilling and bursting of the
tank may be avoided. The present invention safe-guards
proper operation of the control valve by providing two
separate diaphragms, each controlled by its own float op-
erated pilot valve, and each capable of closing off the
main valve in the event that the other diaphragm or its
respective pilot valve should break or otherwise fall to
properly function.

An object of the present invention is to provrde a liquid
level control valve of the type described in which a
fluid pressure operated main valve may be actuated by
fluid’ pressure acting upon either of two separate dia-
phragms.

Another object is to provide a liquid level control
valve having a single main valve which may be actuated
to a closed position by either of two fluid pressure actu-
ated diaphragms and in which either diaphragm will
cause the valve to be actuated if the other diaphragm
should break or otherwise fail to function. :

it is another object to provide a liquid level control
valve comprising a single main valve which may be actua-
ted by the pressure of fluid acting upon either of two
separate diaphragms and in which the fluid pressure on
each diaphragm is controlled by a separate pilot valve
so that if either pilot valve should fail to operate the
other will control the fluid pressure on the respectwe
diaphragm and control the actuation of the main valve
to closed position when the predetermined level of liquid
in the tank has been reached.

It is another object of the invention to provrde a liquid
level control valve of the type described in which there
are two separate fluid pressure actuated diaphragm as-
semblies for actuating a single main valve and in which the
diaphragm assemblies are movable independently of each
other. B

It is another object of the invention to provide a liquid
level control valve comprising a main valve attached to
a diaphragm which may be actuated by fluid pressure
for closing the main valve, and in which a second dia-
phragm is spaced from the first and which may be moved
by fluid pressure into engagement with the first diaphragm
for moving the latter and the valve carrled thereby mto
valve closmg position. :
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These and other objects of the invention are readily
apparent from the following description and from the
drawings in which,

Figure 1 is a view showing a cross-section ofA the- main
valve attached to the bottom wall of a tank and showing
an elevation of the float operated prlot valves mounted
at the top of the tank. ‘The main valve is in its normally
closed pos1t1on

Figure 2 is a view of the main valve partly in sectlon
and a schematic view of the float operated pilot valves
showmg the parts-in their normal position. for filling,
that is, with the main valve open and the pilot. valves
open.

Figure 3 is a view similar to Frgure 2 but showing
the lower diaphragm ruptured, the main valve closed by
the functioning of the upper or secondary diaphragm,
and with both pllOt valves closed.

Flgure 4-is a view similar to Figure 2 but showmg
the main valve closed by actuation of the lower or primary
diaphragm and with the pilot valve for the upper or
secondary diaphragm open due to logging of the ﬂoat
or other malfunctromng
_.Figure 5 is a view similar to Figure 2. but showmg
both pilot valves closed, the- secondary diaphragm . rup-
tured; and- the main valve closed by the functlonmg of
the lower or primary dlaphraﬂm

‘Figure 6 is a cross-section view of an alternate form
of the main valve.

Figure 7 is a cross- sectron view of another alternate
form of the main valve.

The invention resides in the part1cular constructlon
of the¢ main valve and also in the combination of the
main valve with a pair of pilot valves. .As shown -in
Figure 1, the main valve, generally designated. -as -1,
may be mounted at the,bottom of a conventional rubber
type fuel tank for aircraft. The pilot valves 11 and 12
are mounted at the top of the tank.

The main valve 1€ includes a body 13. wh1ch is at-

tached_ to a tank mounting plate 14 by means of-bolts 15.
The plate 14 is attached-to a rubber adaptor 16 having
metal inserts- 17 for receiving the mounting screws 18.
The adaptor 16 is vulcanized to the botfom wall 19 of
the rubber fuel tank.
_ Attached to the underside of the mounting plate 14
by the bolts 15 is.a fitting 20 to which a fluid supply
line, not shown, may be attached. .The main valve seat
member 13 has a central opening 22 in register with open-
ings 23 and 24 of the mounting plate 14 and inlet fitting
29, respectively. Surrounding the opening 22 is-a fiat
Valve seat 25. Several ribs 26 spaced about the outer
margin of the heat member 13 connect the latter to a
clamping ring 27,

Mounted above the clamping rmg 27-is a spacer: rlng
29 and a cap 38. Clamped between the ring 27 and the
spacer 29 is.a primary diaphragm 31, and clamped be-
tween the spacer 29 and the cap 30 is a secondary dia-
phragm. 32. Bolts 33 spaced around the outer margin
of the main valve maintain the ring 27 spacer 18, and
cap 36 in assembled relation.

Mounted on the underside of the prrmary draphragm
31 is a main valve disk 35. which carries a rubber. sealmg
member 36. The valve disk 35 is attached to the pri-
mary diaphragm 31 by means of a supporting plate 37
and a bolt 38 and nut 39,

The secondary diaphragm 32 is spaced from the pri-
mary diaphragm 31 to form a primary pressure chamber
40 therebetween. - An abutment disk 41 is attached to
the secondary diaphragm 32 by means of a supportlng
plate 42, a bolt 43 and a nut 44. A spring 45 is inter-
posed between the supporting plate 42 and. the upper wall
of the cap 30.

. The .cap 30 has a pair of port members 46 and 47 in
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which are mounted two fittings 48 and 49 from which
tubes 50 and 51 lead to the pilot valves 11 and 12 re-
spectively.

. The space between the secondary disphragm 32 and
the top wall of the cap 30 provides a secondary pressure
chamber 52. .

The pilot valves 11 and 12 are mounted in a com-
mon housing 55 which, by means of boits 56 is attached
to a mounting plate 57, which in turn is attached to a
rubber adapter 58 by means of bolts 59.
adaptor 58 is vulcanized to the top wall 60 of the rub-
ber tank. . :

The pilot valve 11 includes a valve member 62 mount-
ed in a bore 63 and is adapted to seat on a valve seat 64
surrounding an inlet opening 65 which communicates
with the tube fitting 66 and the tube 5. _

The bore 63 is open to a cut-out portion 67 in the
housing 55 which in turn is open to the interior of the
tank,

The pilot valve 62 is connected at its upper end to a
float arm 68 by means of a pin 69 riding in a slot 70 of
the float arm.. The latter passes through an opening 71
in the housing 55 and is pivotally mounted on the hous-
ing by a pin 72. At the outer end of the float arm there
is mounted a float 73 of cork or other light weight ma-
terial. :

A stop member 74 is adapted to be engaged by . the
inner end of the float arm 68 to limit the extent to which
the float 73 may drop when the tank is not full of liquid.

The pilot valve 12 together with its float and support-
ing structure is constructed similarly to pilot -valve 11.
It includes the valve member 77 operating in a bore 78
and engageable with a seat 79 for opening or closing the
inlet port 80 which is connected to the tube 51 by means
of the fitting 81. The upper end of the pilot valve 77
is connected to the float arm 82 by me=ns of pin 83 and
slot 84. The.float arm 82 passes through the housing
opening 85 and is pivotally mounted to the housing by
means.of a pin 86. At the outer end of. the float arm
there is mounted a float 87.

The pilot valve 62 has non-circular portions 88 and
the pilot valve 77 has non-circular portions 89 to permit
the passage of fluid from the respective inlets 65 and 80
to_ the opening 67 when the pilot valves are open..

The body 13 has a projection 90 extending part way
across the inlet opening 22. This projection. has an ori-
fice 91 leading to a passage 92. The latter communicates
with- a passage 93 in the spacer ring 29 and a drilled
opening 94 in the cap port member 47. A transverse
opening 95 connects the drilled opening 94 to the sec-
ondary pressure chamber 52. | . )

The bolt 38 is hollow and has an orifice 97 for admit-
ting fiuid from the inlet opening 22 to the primary pres-
sure chamber 40. Slots 98 in the abutment member 41
permit the free circulation of fluid within the primary
pressure chamber 40 on both sides of the outer rim 99
‘of the abutment member 41. )

- A passage 100 in the spacer member 29 connects
the primary pressure chamber 40 to a drilled opening
101 in the port member 46. )

'In the normal operation of the valve, the main valve
is closed as shown in Figure 1 and the pilot valves are
open as shown in Figure 2 when the tank is not full and
the fluid source has not been attached or turned on. In
this position, the main valve disk 35 is held in closed po-
sition by the spring 45 acting through the abutmient mem-
ber 41. The floats 73 and 87 are held downward by
gravity to hold the respective pilot valves 11 and 12 in
open position. e

When fluid from a supply source, not shown, is intro-
duced through the fitting 20, the pressure of the incom-
ing fluid will lift the valve disk 35 from the seat 25
against the action of the spring 45, as shown in Figure
2, and the fluid will pass into the interior of the tank
through the openings between thé ribs 26 which separate

The rubber.
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the seat member 13 from the clamping ring 27. Mean- -
while, the fluid from the inlet 22 will pass through the
orifice 97 into the primary pressure chamber 40 and then
will pass through the openings 100 and 101, the fitting
48, tube 50, fitting 66, inlet opening 65, and pass the
pilot valve member 62 (which is in open position) to
the pilot valve housing opening 67 and to the interiof
of the tank. All of the passages just mentiored which
lead from the primary pressure chamber 40 to the in-
terior of the tank are of larger flow capacity than the
orifice opening 97 so that fluid can leave the pressure
chamber 40 faster than it can enter, and hence the fluid
pressure within the primary pressure chamber 40 will
be lower than the pressure of the fluid in the inlet open-
ing 22, o Lo

At the same time, fluid from the inlet opening 22 will
pass through the orifice 91 into the passages 92, 93, and
24. From the latter, some of the fluid will pass through
the opening 95 into the secondary pressure chamber 52
and the remainder will continue to pass through the fit-
ting 49, the tube 51, fitting 81, pilot valve inlet opening
80, bore 78, opening 67, and then to the interior of the
tank. Again, the passages leading from the secondary
pressure chamber 52 are of larger flow capacity than the
inlet orifice 91 so that the pressure of the fluid in pres-
sure chamber 52 will remain lower than the pressure of
the fluid in the inlet opening 22 as long as pilot valve
12 remains open.

Floats 73 and 87 of pilot valves 11 and 12 are prefer-
ably mounted at the same level so that as the fiuid in the
tank rises to-a predetermined level the floats will rise
together and the pilot valves will close simultaneously.
However, if desired, either float could be mounted at a
slightly higher level than the other so that the pilot
valve associated therewith would shut off at a higher level
of liquid in the tank than the other.- In this instance, a
pilot valve whose float is mounted at the higher level
would not normally shut off unless either the other pilot
valve or the main valve had not properly functioned.

With the floats mounted at the same level, when the
fluid in the tank has risen to the predetermined level,
both floats will rise and shut the respective pilot valves.
Closure of the pilot valve 11 shuts off the flow of fluid
from the primary pressure chamber 40 and permits the
fluid within such chamber to reach a pressure substan-
tielly equal to that within the inlet port 22. At the same
time, closing of the pilot valve 12 shuts off the passage
of fluid through the tube 51 and causes the pressure of
the fluid within the secondary pressure chamber 52 to
likewise become substantially the same as that in the
inlet port 22. ) ,

The fluid within the primary pressure chamber 40 acts
downward upon the diaphragm 31 and its supporting plate
37 across a circular area whose diameter is substantially
equal to the diameter of the valve disk 35 plus one-half
the difference in diameters between the valve disk 35 and
the inner face 103 of the clamping ring 27. This over-
balances the pressure of the fluid on the underside of the
valve disk 35 tending to keep the main valve open and
thus causes the valve disk 35 to move to a closed posi-
tion against the seat 25 as shown in Figure 1. Mean-
while, pressure of the fluid within the primary pressure
chamber 40 also acts upwardly against the secondary dia-
phragm 32 and the abutment member 41 but the result-
ing force is counterbalanced by the pressure of the fluid
in the sécondary chamber 52 acting downwardly upon
the diaphragm 32 and the supporting plate 42.- Hence the
diaphragm 32 will be held downward with the abutment
member 41 in contact with the plate 37 by the action of
the spring 45. ! :

If before or during the filling operation the lower dia-
phragm should become ruptured, the main valve will
close and the parts will assume the positions as shown in
Figure 3 when the tank has been filled to a predetermined
level.  In this instance, when the float 73 rises to shut
off the pilot valve 11 there will be no build-up of pres-
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sure within the primary chamber 40 since the fluid may
pass readily through the ruptured portion of the diaphragm
3.1 into the interior of the tank. However, closure of the
pllot valve 12 will again cause the pressure to build up
in the secondary pressure chamber 52 and act down-
wardly upon the secondary diaphragm 32 and its sup-
porting plate 42. Since there is no counterbalancing up-
ward pressure on the secondary diaphragm 32 from the
primary pressure chamber 40, the secondary diaphragm
32 and the abutment plate 41 will be forced downwardly
against the plate 37 and cause the valve disk to move
downwardly to close against the valve seat 25.

In the event the flcat 87 should become logged either
before or during filling, or if the pilot valve 12 should
become stuck in the open position, the main valve will

nevertheless close when the tank has been filled to the .

predetermined level. This condition is illustrated in
Figure 4. 1In this event, the fioat 73 rises in the usual
manner when the predetermined level has been reached,
closing off the pilot valve 11 and causing the pressure
of the flnid to build up within the primary pressure cham-
ber 49. The pressure of this fluid acting downwardly
upon the primary diaphragm 31 causes the valve disk
35 to close off against the valve seat 25 in the normal
manner. Meanwhile, since the pilot valve 12 has remained
open, there will be no building up of fluid pressure within
the secondary pressure chamber 52 and hence the rela-
tively higher pressure within the chamber 4¢ will cause
the secondary diaphragm 32 and its supporting members
41 and 42 to move away from the lower diaphragm 31
and its plate 37 and assume the position shown in Figure 4.

If instead of the pilot valve 12 sticking in the open
position, or the float 87 becoming logged, the pilot valve
11 or the float 73 should become affected in such manner,
the main valve will still close when the tank has been
filled to a predetermined level. This condition is not
illustrated in the drawings, but upon closing, the main
valve parts would assume the positions shown in Figure 2
and with the pilot valve 11 open and pilot valve 12 closed.
In this instance, closure of the pilot valve 12 would cause
the pressure of the fluid to build up in the secondary
chamber 52 while there would be no build-up of pressure
in the primary chamber 40 because of the pilot valve
11 remaining open. As a result, the upper diaphragm 32
and its supporting members would be forced downwardly
against the plate 37 and cause the valve disk 35 to close
against the inlet seat 25.

Ancther contingency which does nct affect closure
of the main valve is rupture of the secondary diaphragm
32. This condition is illustrated in Figure 5. When the
predetermined level in the tank has been reached, the
floats 73 and 87 will rise and close the respective pilot
valves 11 and 12. Rupture of the diaphragm 32 permits
the fluid to freely circulate between the primary and
secondary pressure chambers 40 and 52, but since the
ports leading away from both of these chambers have
been closed by the pilot valves, the fluid pressure in both
chambers will build up simultaneously with the result
that the valve disk 35 will be moved to closed position
by the pressure of the fluid acting on the upper side
of the primary diaphragm 31 and its supporting plate
37. Since the areas of the upper and lower sides of the
ruptured diaphragm 32 and its supporting members are
equal, the resulting pressures upon the opposite side of
these members will be balanced. However, these mem-
bers will be forced downwardly by the spring 45 and the
force of the spring will be transmitted to the plate 37 by
the abutment member 41. .

The alternate form of main valve shown in Figure 6
performs the same functions as the main valve 16 of
Figure 1 but has a few changes in the detail construc-
tion. Thus the alternate form has a main valve seat
member 319 which may be attached to the tank mount-
ing plate 14 of Figure 1 through the utilization of threaded

openings 111. The seat member 116 has a central open-
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ing 112 surrounded by a flat w}ali{e seat 113 and it is

attached to a clamping ring 114 by means of several
ribs 115. '

Mounted above the clamping ring 114 is a spacer ring
and a cap 117. Clamped between the ring 114 and the
spacer 116 is a primary diaphragm 118 and clamped be-
tween the spacer 116 and the cap 117 is a secondary dia-
phragm 119. Bolts 148 hold the parts together.

The primary diaphragm 118 is a part of a primary dia-
phragm assembly which includes a valve disk 120 and a
plate 321 between which the central portion of the dia-
phragm is clamped by means of a nut 122 and a hollow
bolt 123. The valve disk 120 carries a rubber sealing
member 124, )

The secondary diaphragm assembly includes plates 126
and 127 between which the central portion of the dia-
phragm 119 is clamped by means of a nut 128 and the
stud 129. The two diaphragm assemblies are movable
with respect to each other and form an expansible pres-
sure chamber 139 therebetween. A spring 131 within
the primary pressure chamber 130 normally urges the
diaphragm assemblies away from weach other. If desired,
this spring may be between the secondary diaphragm and
the cap 117.

The cap 117 overlies the secondary diaphragm assem-
bly to form a secondary pressure chamber 132 therebe-
tween. A port 133 leads from the secondary piessure
chamber and has a threaded portion 134 to which a pilot
line leading to a secondary pilot valve, not shown in
Figure 6, may be attached. An annular depénding por-
tion 135 serves as a stop: for the secondary diaphragm
assembly and has slots 136 for maintaining communica-

tion between the port-133 and the secondary pressure

chamber 132 when the secondary diaphragm assembly is
in its uppermost position. o o

The hollow stud 129 has a depending portion 138 which
telescopes with the bore 139 of the bolt 123. The length
of the depending portion 138 is such that the telescoping
relation is maintained in all of the possible relative posi-
tions between the primary and secondary diaphragm as-
semblies. Also, the depending portion 138 has a loose fit
within the bore 139 and the clearance 140 therebetween
constitutes an annular restricted passage which connects
the inlet 112 to the primary pressure chamber 130.

A restricted opening 141 in the stud 129 connects the
inlet 212 to the secondary pressure chamber 132 through
the port 133 and the slots 136. A flange 142 on the stud is
adapted to engage the upper end of the bolt 123 when the
diaphragm assemblies move toward each other.

A duct 145 connects the primary pressure chamber 130
with a threaded port 146 to which a pilot line leading to a
primary pilot valve, not shown, may be attached..

Operation of the alternate form of main valve shown
in Figure 6 is similar to that of the form shown in Figure 1.
Thus during filling fluid pressure ‘within the inlet 112
moves the valve disk 128 to an open position and fluid
passes between the valve seat 113 and the clamping ring
114 into the tank. When the pilot valves attached to the
ports 134 and 146 close, fluid pressure builds up in both
the primary pressure chamber 130 and the secondary pres-
sure chamber 132." The secondary diaphragm- assémbly
is balanced between the fluid pressures acting within the
two pressure chambers but will be held in its uppermost
position by the spring 131. Meanwhile, the fluid pres-
sure within the primary chamber 130 acts downward upon
the primary diaphragm assembly to cause the valve ‘to
close.

If the lower diaphragm 118 should become ruptured,

_closure of the pilot valve connected to the port 146 will

not cause build up of fluid pressure within the primary
pressure chamber 130 but closure of the pilot valve con-
nected to the port 134 will cause a build-up of fluid pres-
sure in the secondary chamber 132, This pressure moves
the secondary diaphragm downward ‘and -engagémerit ‘of
the shoulder 142 with the-end-of ‘the hollow. bolt 123-will
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cause the primary diaphragm assembly to move down-
ward with the secondary diaphragm assembly and thus
effect closure of the valve. :

‘The other alternate form of main valve shown in Fig-
ure 7 is similar to the form shown in Figure 6 except that
the inlet and outlet ports for the main flow are in axial
‘alignment. This permits the valve to be mounted exterior-
ly of the tank whose filling level it will control and di-
rectly in the pipe line leading to the tank. The valve is
thus more readily accessible for installation and servicing.

In this form of the valve a body is formed around the
structure which supports the diaphragm assemblies so as
to form a flow chamber around the latter structure to di-
rect the main flow from the inlet to an outlet port which
is in axial alignment with the inlet. In the form disclosed
in Figure 7 the body is formed in two sections. The inlet
section 150 contains the inlet port 151 and the valve seat
152.  Surrounding the inlet port is a flat face 153 to which
may be attached a supply line by means of a fitting similar
to the fitting 20 shown in Figure 1. An outlet body section
154 is attached to the inlet section by means of bolts 155
and the two sections are sealed by a packing ring 156.
The section 154 has an outlet port 157 surrounded by a
flat face 158 which may be utilized to connect the valve
either to an external face of a fuel tank or to another pipe
leading to the fuel tank.

The inlet body section 150 is rigidly connected to a
clamping ring 159 by means of several ribs 169 spaced out-
wardly from the valve seat 152. Likewise, the outlet sec-

_tion 154 is rigidly connected to a cap member 161 by
means of several ribs 162.

Primary and secondary diaphragm ‘assemblies 163 and
164 are clamped by the ring 159 and the cap 162 against a
spacer ring 165. The inlet and outlet sections 156 and
154 are spaced from the ring 159, spacer 165 and cap 161
so as to form a flow chamber 166 therearound and leading
from the inlet 151 to the outlet 157. The diaphragm as-
semblies and the cap 161 define primary and secondary
pressure chambers 167 and 168 respectively. Ducts 169
and 170 provide means for connecting the respective pres-
sure chambers to primary and secondary pilot valves in
the same manner as described in connection with the ducts
94 and 101 of Figure 1. Likewise, restricted passages 171
and 172 connect the inlet port 151 with the primary and
secondary pressure chambers. In addition, a bolt 173,
which is a part of the secondary diaphragm assembly 164,
has a cylindrical extension 174 fitted within a bore 175
of the cap 161 for guiding the movement of the secondary
diaphragm assembly.

The operation of the line type of valve as shown in
Figure 7 is exactly the same as the operation of the type
shown in Figure 6, except that the main flow passes from

_the inlet port 151, through the flow chamber 166 to the
outlet port 157. It is not believed necessary to redescribe
the remainder of the operation.
- Although the drawings illustrate float operated pilot
valves for use in connection with each main fluid pressure
operated valves, it is obvious that the pilot valves could
be “of other types, depending upon the particular instal-
lation for which said main valve is to be used.

-In addition, many other changes in the detail structure
and arrangement can be made without departing from
the invention as set forth in the following claims:

We claim:

1. In a fluid pressure operated valve, a casing having
inlet and outlet-ports and an annular valve seat surround-
ing and facing away from the inlet port, first and second
diaphragms within the casing and having movable por-
tions, said portion of each diaphragm being movable in
its. entirety toward and away from said portion of the
other diaphragm to form an expansible pressure chamber
therebetween, a valve member attached to the first dia-
phragm and movable therewith to and from the valve seat
for controlling the passage of fluid from the-inlet to the

- outlet. said valve member when closed being subject to
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fluid pressure within the inlet port across an area bounded
by said valve seat and tending to open the same, a duct
leading from the pressure chamber and adapted to be
opened or closed to control discharge of fluid therefrom,
a restricted passage connecting the pressure chamber to
the inlet port, said first diaphragm having an area subject

to fluid pressure within the pressure chamber greater than

the area of the valve member exposed to pressure of fiuid
in the inlet port when the valve member is closed and
movable by the fluid pressure in the pressure chamber
away from the second diaphragm for carrying the valve
member to closed position, said second diaphragm having

_means adapted to move the first diaphragm into valve

closing position in the event there is insufficient flnid
pressure within the pressure chamber to move the first

~ diaphragm.
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2. In a fluid pressure operated valve, a casing having
a single inlet and an outlet port, an annular valve seat
surrounding and facing away from the inlet port, first and
second diaphragms within the casing and clamped at their
outer margins to the casing, the entire unclamped portions
of each diaphragm being of substantially the same di-
ameter and movable independently of the other diaphragm
and forming an expansible pressure chamber therebe-
tween, a valve member attached to the first diaphragm and
movable therewith to and from the valve seat for con-
trolling the passage of fluid from the inlet to the outlet
port, a second pressure chamber between the second dia-
phragm and the casing, ducts leading from each pressure
chamber and adapted to be opened or closed to control
discharge of fluid from the respective chamber, restricted
passages connecting each pressure chamber with the ip-
let port; said second diaphragm being movable by fluid
pressure within the second chamber into engagement with
the first diaphragm for moving the first diaphragm to a
valve closing position.

3. In a fluid pressure operated valve, a casing having a
single ‘inlet port and an outlet port and an annular valve
seat surrounding -and facing away from the inlet port,
first and second diaphragms within the casing and having
movable portions, said portion of each diaphragm being
movable in its entirety toward and away from said por-
tion of the other diaphragm to form an expansible pres-
sure chamber therebetween, a valve member attached to
the first diaphragm and movable therewith to and from
the valve seat for controlling the passage of fluid from
the inlet to the outlet, said valve member when closed be-
ing subject to fluid pressure within the inlet port across
an area bounded by said valve seat and tending to open
the same, a duct leading from the pressure chamber and
adapted to be opened or closed to control discharge of
fluid therefrom, a restricted passage through the valve
member and the first diaphragm connecting the pressure
chamber to the inlet port, said first diaphragm having an
area subject to fluid pressure within the pressure chamber
greater than the area of the valve member exposed to
pressure of fluid in the inlet port when the valve member
is closed and movable by the fluid pressure in the pres-
sure chamber away from the second diaphragm for carry-
ing the valve member to closed position, said second dia-
phragm having means adapted to move the first diaphragm
into valve closing position in the event there is insufficient
fluid pressure within the pressure chamber to move the
first diaphragm.

4, In a fluid pressure operated valve, a casing having
a single inlet port and an outlet port, an annular valve seat
surrounding and facing away from the inlet port, first
and second diaphragms within the casing and clamped at
their outer margins to the casing, the entire unclamped
portion of each diaphragm being movable independently
of the other diaphragm and forming an expansible pres-
sure chamber therebetween, a valve member attached
to the first diaphragm and movable therewith to and from
the valve. seat for controlling the passage of fluid from the

.inlet to the outlet port, a second pressure chamber be-
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tween the second diaphragm and the casing, ducts leading
from each pressure chamber and adapted to be opened or
closed to conmtrol discharge of fluid from the respective
chamber, restricted passages connecting each pressure
chamber with the inlet port, said second diaphragm being
movable by fluid pressure within the second chamber
into engagement with the first diaphragm for moving the
first diaphragm to a valve closing position and a spring
in the second pressure chamber engaging the second dia-
phragm and constantly urging the same toward the first
diaphragm.

5. In a fluid pressure operated valve, a casing having
inlet and outlet ports, first and second diaphragms with-

5

10

in the casing and clamped at their outer margins to the . -

casing, the entire unclamped portion of each diaphragm
being movable independently of the other diaphragm and
forming an expansible pressure chamber therebetween, a
valve member attached to the first diaphragm and mov-
able therewith for controlling the passage of fluid from
the inlet to the outlet port, a second pressure chamber
between the second diaphragm and the casing, ducts lead-
ing from each pressure chamber and adapted to be opened
or closed to control discharge of fluid from the respective

15
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chamber, restricted passages connecting each pressure - -

chamber with the inlet port, said second diaphragm being
movable by fluid pressure within the second chamber into
engagement with the first diaphragm for moving the first
diaphragm to a valve closing position and a spring in one

of the pressure chambers normally urging the first dia-

phragm toward a valve closing position when there is no
fluid pressure in the second chamber.

6. A fluid pressure operated valve in accordance with
claim 2 wherein the first diaphragm has a hollow member

95

attached thereto, the second diaphragm has a second : -

member attached thereto and telescoped with the hollow
member, a clearance between the telescoped -portions to
provide said restricted passage for the first pressure cham-
ber, said restricted passage for the second pressure cham-
ber being through the second member.

7. In combination, a fluid pressure operated main valve
and a pilot valve for operating the main valve, comprising
a casing having an inlet and an outlet, first and second
movable diaphragm assemblies in the casing, each as-
sembly including a flexible diaphragm and each assembly
being movable in its entirety independently of the other
diaphragm assembly and forming a first pressure cham-
ber therebetween, a valve member attached to the first
diaphragm assembly and movable therewith for opening
and closing the inlet, a second pressure chamber within
the casing, a duct leading from the second pressure
chamber to the pilot valve, said pilot valve having no
mechanical operating connection with the second dia-
phragm assembly and being adapted to open and close the
duct to control discharge of fluid from the second pressure
chamber, a restricted passage constantly connecting the
inlet to the second pressure chamber, said pressure cham-
bers being separated by said second diaphragm assembly
whereby upon rupture of the second diaphragm the cham-
bers will be joined, said first diaphragm assembly being
movable by fluid pressure within the joined chambers
for carrying the valve member to closed position.

8. A fluid pressure operated valve in accordance with
claim 7 wherein the first diaphragm assembly has a hol-
low member attached to the central portion thereof, the
second diaphragm assembly has a depending member at-
tached to the central portion thereof and telescoped with
the hollow member, a clearance between the telescoped
portions to provide a restricted passage from the inlet to
the first pressure chamber, said restricted passage for the
second pressure chamber being through the depending
member.

9. A fluid pressure operated valve in accordance with
claim 2 wherein the first diaphragm has a hollow mem-
ber attached thereto, the second diaphragm has a second
member attached thereto and telescoped with the hollow
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member, an abutment shoulder on the second member,
a clearance between the telescoped portions to provide a
restricted passage for the first pressure chamber, said re-
stricted passage for the second pressure chamber being
through the second member, said engagement between the
diaphragms being provided by contact of the abutment
shoulder with the hollow member.

10. In combination, a liquid pressure operated rmain
valve and a pair of pilot valves for controlling the main
valve, the main valve comprising a casing having a single
inlet and an outlet, an annular valve seat surrounding and
facing away from the inlet, first and second movable dia-
phragm assemblies in the casing and of substantially equal
diameters, said diaphragm assemblies forming a first pres-
sure chamber therebetween, a valve member attached to
the first diaphragm assembly and movable therewith to
and from the valve seat for opening and closing the inlet,
said valve member when closed being subject to liquid
pressure within the inlet port across an area bounded by
said valve seat and tending to open the same, said second
diaphragm assembly being engageable with the first dia-
phragm assembly for moving the valve member to closed
position, a second pressure chamber within the casing,
a duct leading from each pressure chamber to a respec-
tive pilot valve, each pilot valve being float operated in-
dependently of each other and of the diaphragms and
adapted. to open and close the respective duct to control
discharge of liquid from the respective pressure chamber,
restricted passages connecting the inlet to each of the

‘pressure chambers, the entire upper side of the first dia-

phragm assembly being exposed to pressure of liquid with-
in the first chamber when the respective pilot valve is

‘closed and movable thereby for carrying the valve mem-

ber to closed position, and the upper side of the second
diaphragm assembly being exposed to pressure of liquid
within the second chamber when the respective pilot valve
is closed for urging the second diaphragm assembly into
engagement with the first diaphragm assembly for mov-
ing the same into valve closing position.

11. A fluid pressure operated valve in accordance with
claim 1 wherein the inlet and outlet ports are axially
aligned and the casing provides a flow chamber there-
between, a mounting structure is within the flow chamber,
the diaphragms are attached at their outer margins to the
mounting structure, the second diaphragm has a guide
surface associated therewith, and a guide surface on the
mounting structure cooperable with the first mentioned
guide surface for guiding the movement of the second
diaphragm.

12. A fluid pressure operated valve in accordance with
claim 1 wherein the inlet and outlet ports are axially
aligned and the casing provides a flow chamber there-
between, a mounting structure is within the flow chamber,
and the diaphragms are attached at their outer margins to
the mounting structure.

13. A fluid pressure operated valve in accordance with
claim 2 wherein the inlet and outlet ports are spaced apart
and the casing provides a flow chamber therebetween, the
casing including a wall extending across the cenfral por-
tion of the flow chamber, and the second pressure cham-
ber being formed between the second diaphragm and the
wall.

14. In a fluid pressure operated valve, a casing having
a single inlet port and an annular valve seat surrounding
the inlet port and facing away therefrom, said casing
having a solid ring section spaced from the valve seat
so as to form outlet openings therebetween, first and sec-
ond diaphragms attached at their outer margins to the
solid ring section and having movable portions, said por-
tion of each diaphragm being movable in its entirety to-
ward and away from said portion of the other diaphragm
to form an expansible first pressure chamber therebe-
tween, said casing including a wall opposite the second
diaphragm and forming a second pressure chamber there-
between, a valve plate of greater diameter than the valve
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seat below the first diaphragm, said valve plate carrying
a valve face engageable with the valve seat, a clamping
plate of greater diameter than the valve seat above the
first diaphragm, said. plates being attached to the first
diaphragm by a plug which passes through the first dia-
phragm and said plates, said plug having a restricted
orifice therethrough constantly connecting the single inlet
port with the first pressure chamber, top and bottom
plates above and below the second diaphragm respec-
tively and attached thereto by a solid plug, said bottom
plate having a depending outer rim engageable with the
clamping plate, a passage through said rim, a restricted
passage in the casing constantly connecting the inlet port
and the second pressure chamber, ducts in the casing
leading from each pressure chamber and adapted to be
opened or closed to control discharge of fluid therefrom,
a spring in one of said chambers constantly urging the
‘valve plate toward closed position, said valve plate when
closed being subject to pressure of fluid within the inlet
port across an area bounded by said valve seat tending
to open the same, said movable diaphragm portiois being
of substantially equal diameters and said valve plate and
bottom plate being of substantially equal diameters
whereby the force transmitted to the second diaphragm
by a given fluid pressure acting in the second chamber
is substantially the same as the force transmitted to the
first diaphragm by said given fluid pressure acting in
the first pressure chamber.

15. A valve mechanism for controlling the supply of
fluid upder pressure into a reservoir to a predetermined
level therein comprising a housing, a valve seat in said
housing in the path of flow of said fluid, a single valve
member adapted to. be moved toward a closing position
with respect to said seat to shut off the flow, a pair of
elements in the housing presenting two walls movable rel-
ative to each other, said walls and housing defining two
separate pressure chambers, each of the walls ‘having an
area larger than the area of the valve seat and subject to
fluid pressure in a respective one of said chambers, each
of said chambers being in communication with said fluid
pressure supply, said housing having a discharge outlet
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on the same side of said walls as said valve, separate
bleed ports connected to said chambers respectively, sep-
arate means controlling said ‘bleed ports, and means op-
eratively connecting each of said walls to said.valve
member to cause said valve member to move to its closed
position when either wall is moved by fluid pressure
developed in the respective chamber upon closing of the
respective bleed. port.

16. A valve mechanism for controlling the supply

‘of fluid under pressure into a reservoir to a predetermined

level therein comprising a housing, a valve seat in said
housing in the path of flow of said fluid, a single valve
member adapted to be moved toward a closing position
with respect to said seat to shut off the flow, a pair of
elements in the housing presenting two. walls movable
relative to each other, said walls and housing defining two
separate pressure chambers, each of the walls having an
area larger than the area of the valve seat and subject
to fluid pressure in a respective one of said chambers,
each of said chambers being in communication with said
fluid pressure supply, said housing having a discharge
outlet on the same side of said walls as said valve, sep-
arate bleed ports connected to said chambers respectively,
separate means controlling said bleed ports, said valve
member being connected to one of said walls, and said
walls having provision for being engageable one with
the other, whereby said valve will be moved to a closed
position when either wall is caused to move by fluid pres-
sure developed in the respective pressure chamber upon
closing of the respective bleed port.
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